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@ Composite cable. 

@ A hybrid optical fiber, copper conductor transmission media cable (20) which is suitable for use in 
local area network applications includes a core (22) comprising two an^ays (25,40) of longitudinally 
extending portions. One an-ay (25) includes optical fibers disposed between two strength members 
(27-27) whereas the other array comprises metallic conductors (42-42). Each array includes a matrix 
material (30.45) in which the longitudinally extending portions are enclosed with adjacent portions 
being connected by a web (32,47). The two arrays are enclosed by a jacket (50) which has an oval 
shaped configuration. The configuration of component portions of the catAe as well as the niaterials 
thereof are determined to cause the neutral axis of bending to be in a desired location which minimizes 
losses in the transmission media. 
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Technical Fteld 

This invention relates to a composite cable. More 
particularly, the invention relates to a composite cable 
such as a hybrid cable which includes optical as well 
as metallic transmission media, which is easy to man- 
ufacture and which is easy to access and to connec- 
torize in a factory environment or in the field. 

Background of the invention 

Optical fiber has found widespread application in 
longhaul transmission such as, for example, between 
cities. It is readily apparent that optical fiber can be 
used not only in longhaul applications but also in local 
area networlcs. service or drop applications, and in 
indoor cable. As a result, end to end optical communi- 
cation is fast becoming a reality. 

Optical fiber cables designed for longhaul app|j> 
cations typically are not well suited for use in the local 
distribution network. For instance, such cables typi- 
cally are designed to have a medium to relatively high 
fiber count, are frequently relatively rigid and have a 
relatively large bending radius, and tend to be rela- 
tively costly to manufacture. On the other hand, cable 
for use in local distribution networks should have a low 
fiber count, e.g., less than about ten fibers, should be 
flexible, should be usable in a variety of environments, 
should be installable by existing procedures and 
equipment and should be easy to manufacture and 
low in cost. 

Notwithstanding the rapidly escalating use of 
optical fit>er, there remains a need for metallic con- 
ductors such as copper conductors. Metallic conduc- 
tors may t>e sought after to provide power or may be 
used for other low voltage signalling purposes. Fur- 
thermore, there may be a need for both optical fiber 
and metallic conductors at the same end use point. 
One such application may be at office workstations in 
a computerized facility. 

Such a need translates into a need of a hybrid 
cable which is intended to refer to a cable which 
includes t}oth optical fiber and metallic transmission 
media. The sought after cable should have relatively 
high tensile axial loading capability, have sufficient 
flexural stiffness to minimize bend losses, and inas- 
much as it most likely wai be used on custom- 
ers* premises, it should be suitably flame retardant. 
Also, the sought after cable should be relatively easy 
to manufacture and to connectorize despite the pre- 
sence of different kinds of transmission media. 

IHybn'd cables are known to the prior art. For 
xample, described in F. J. Mullin - W. S. Reed U.S. 
patent 4,852,965 which issued on August 1, 1989 is 
a hybrid catHe which indud s a reinforced optical fiber 
unit The unit includes an optical fiber or fibers 
enclosed by at least three impregnated fib rglass 
m mt>ers and a jacket. The unit is included along with 
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metallic conductors in a core tut>e enclosed in a plas- 
tic jacket. 

Also known are other hybrid cables in which opti- 
cal fibers along with a twisted pair or pairs of metallic 
5 conductors are enclosed in a Jacket. Such an arrange- 
ment may cause problems when the cable is routed 
in arcuate paths, such as might be expected in an 
office environment, because of the lack of control over 
the neutral axis of t)ending. Also, such an arrange- 

10 ment becomes somewhat difficult to terminate 
because of the randomness of the fiber and the metal- 
lic conductors in a core of the cable. 

In hybrid cables, bending of the cable may aggra- 
vate buckling of cable components because of what 

15 seems to have been insufficient attention to the loca- 
tion of the neutral axis of bending with respect to vul- 
nerable portions of a cable cross section which is 
transverse to a longitudinal axis of the cable. In bend- 
ing, the neutral axis positions itself to cause the stres- 

20 ses across the cross section in tension to equal those 
in compression. The neutral axis will shift from the 
geometric center toward the more flexurally rigid side 
of the cross section to provide more area on the less 
flexural rigid side to balance the stresses. The result 

25 may mean that a significant portk>n of the cable cross 
section is stressed excessively. For an optical fiber 
cable or a hybrid cable which includes optical fibers 
this may mean that one or ones of the fibers undesir- 
ably may be excessively stressed. This also may 

30 occur in any composite cable, that is in any cable 
which is not homogeneous in materials throughout its 
cross section. 

What is sought after and what does not appear to 
t>e available in the prior art is a composite cable which 

35 includes a hybrid cable, for example, for use in a work- 
station environment and one which may be routed in 
an arcuate path or paths without damaging the fiber 
or the nrietallic conductors. Further, the cable must be 
easily manufacturable and must be easily connec- 

40 torized. The ability to automatically connectorize the 
cable would be a desired feature. Also, the sought 
after cable desirably is one in which the neutral axis 
is in a desired location with any optical fibers therein 
tieing subjected only to minimal stress. 

45 

Summary of the invention 

The foregoing needs not met by the prior art have 
been provided by the composite cable of this inven- 

50 tion. A composite communicatk>ns cable comprises a 
core which Includes at least one communication 
transmission medium. Each said transmission 
medium in sakj core is enclosed in a covering ma- 
terial. A sh ath system encloses the core, th sheath 

55 system having a cross section transverse to the lon- 
gitudinal axis. The cable is divided into two portions 
with the flexural rigidity of ach porti n in compression 
being qual to the flexural rigidity f the other portion 
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in tension and the fl xural rigidity of the one portion 
and of th other portion being predetermin d in a 
manner to cause the neutral axis of bending to be dis- 
pos d in a desired location so that the transmission 
medium experiences minimal stress. 

A hybrid cable which may be used to interconnect 
computer equipment, for example, includes a core 
which comprises first and second planar arrays of 
transmission media. Outer portions of the first planar 
array comprise longitudinally extending-strength 
members between which are disposed optical fibers 
each having a protective coating and a buffer layer of 
a flame retardant plastic material. The material of the 
buffer layer of each optical fiber also encloses the out- 
wardly disposed strength memt)ers with adjacent 
members of the first an*ay being connected by a web 
of the buffering material. 

The second array includes a plurality of longitudi- 
nally extending metallic conductors. Each of the 
metallic conductors is enclosed by an insulative cover 
which comprises a plastic material. Adjacent menv 
bers of the second array also are interconnected by a 
web of the plastic material comprising the insulative 
cover. 

Enclosing the first and the second arrays of trans- 
mission media is a plastic jacket. The jacket is com- 
prised of a plastic material which is flame retardant 
Also in a preferred embodiment, a transverse cross 
section of the jacket has an oval shaped configu- 
ration. 

The materials and the positioning of the arrays of 
the cable of this invention are such as to minimize 
undesired stressing of the optical fibers or of the 
metallic conductors. This is accomplished by causing 
the neutral plane of bending to be disposed between 
the first and second planar arrays. Further, a predeter- 
mined relatively low modulus plastic jacket material is 
used to cause the cable to have a relatively high deg- 
ree of flexibility. 

Brief Description of the Drawing 

Other features of the present invention will be 
more readily understood from the following detailed 
description of specific embodiments thereof when 
read in conjunction with the accompanying drawings, 
in which: 

FIG. 1 Is a perspective view of a cable of this 
invention; and 

FIG. 2 is a perspective view of a preferred embo- 
diment of the cable of this invention. 

D tall d Pes ription 

Referring now to FIG. 1 . ther is shown a compo- 
site cable and, more particularly, a hybrid cable 20 of 
the invention. Th cabt 20 includes a c re 22 which 
comprises an optical fiber portion and a metallic c n- 


ductor portion. 

The optical fiber portion comprises a first planar 
an-ay 25. Disposed within the first array 25 are two lon- 
gitudinally extending strength members 27-27 which 

5 form outer portions of the first array. Each of the 
strength members comprises a rod-like material such 
as a resin-impregnated Kevlar<S) yarn. In the attema- 
tive, each strength member 27 may comprise a metal- 
lic material or a fiberglass rod. The strength members 

10 27-27 are effective to provide the cable 20 with suit- 
able tensile and compressive strength. It had been 
thought that a conventional unmodified KevfartS) yam 
could be used for the strength members. However, 
when such a cable was t>ent about an x axis of sym- 

f 5 metry 28 to cause compression on the optical fiber 
first array side, those strength members buckled. It 
was determined that the strength members needed to 
have a higher flexural rigidity, which is the product of 
the material modulus and the moment of inertia, than 

20 was provided by unmodified Kevlar<& yam. Kevlar® 
yarns impregnated with a suitable material or 
fiberglass rods or metallic members were found to be 
suitable. 

Also embedded in the array 25 and disposed be- 

25 tween the strength members 27-27 are two optical fit>- 
ers 29-29. Each of the optical fibers comprises drawn 
fiber having an outer diameter of about 125 microns, 
for example, and one or more protective coatings 
which bring the outer diameter to about 250 microns, 

30 for example. 

The array 25 of optical fibers and strength mem- 
bers 27-27 is held together by material of a matrix 30 
which encloses individually each of the longitudinally 
extending portions of the array. Each optical fiber and 

35 each strength member is enclosed in a circular portion 
of the mab-ix 30. In the prior art. individual coated opti- 
cal fibers have been enclosed in a layer of buffering 
material for protective purposes. In the cable of this 
invention, buffering^ material is provided slmul- 

40 taneously for an array of optical fibers. In a preferred 
embodiment, the material of the matrix 30 comprises 
polyvinyl chloride (PVC). As can be seen In FIG. 1, 
adjacent enclosing portions of the matrix are intercon- 
nected by a web 32 of the same material. The web 32 

45 is such that adjacent portions of the array 25 may be 
separated from other portions thereof by tearing or 
cutting along longitudinally extending web or webs. 

The core 22 of the cable 20 also Includes a sec- 
ond planar array 40. The second anray 40 includes a 

so plurality of longitudinally extending metallic conduc- 
tors 42-42. in a prefeired embodiment, each of the 
metallic conductors comprises 26 gauge tinned cop- 
per wires which are stranded togeth r. It should b 
obs rved that the conductors which may comprise a 

55 pair are parallel and not twist d together. 

As in the planar array 25, th array 40 includes a 
matrix 45 comprising a plastic material which 
ncloses each of th metallic conductors 42-42. Pref- 
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erably, the matrix 45 which encloses each portion of 
the second array has a partially circular configuration 
with adjacent portions of th second array b ing inter- 
connected by a web 47 of the same material. 

Enclosing the first and the second arrays is a s 
jacket 50 having a uniform thickness. In a preferred 
embodiment, the jacket 50 comprises a polyvinyl 
chloride composition of matter However, the polyvi- 
nyl chloride composition of the jacket 50 has a mod- 
ulus of elasticity which is substantially less than that io 
of the matrix 30 of the first array 25. Also, as can be 
seen in FIG. 1 , the jacket 50 has a cross section trans- 
verse to a longitudinal axis 52 of the cable that is oval- 
shaped and that is symmetrical about both the x-axis 
28 and at>out a y-axis of symmetry 54. The x-axis 28 is 
of the oval-shaped cross section is termed a major 
axis and the y-axis 54 is referred to as a minor axis. 

The cable of this invention is structured to cause 
the neutral axis of bending to be positioned so that the 
optical fiber experiences minimal stress. The neutral 20 
axis for which the location is predetermined is that 
axis which extends in the direction of the x-axis 28. 

The cat>le 20 of this invention is anranged 
geometrically and materially so as to control the loca- 
tion of a neutral axis in the neutral plane of bending 25 
to be disposed between the first and the second 
arrays along the x-axis. Of course, the materials 
which enclose the optical fibers, the strength mem- 
bers and the metallic conductors are important con- 
trtt>utOfS to the location of the neutral axis. 30 

In order to accomplish the desired positioning, the 
overall flexural rigidity of one anray needs to be about 
equal to that of the other an-ay. Inasmuch as the jacket 
has a relatively low modulus and flexural rigidity and 
a cross section which Is symmetrical with respect to 35 
the X axis, the Jacket of the cable 20 does not affect 
the positioning of the neutral axis. The problem of 
positkining arises because of the different materials 
emt>odied in the optical fiber and the strength mem- 
bers of the first array 25 compared to the material of 40 
the metallic conductors in the second array 40. With- 
out any compensation in the second anray, the neutral 
axis would be disposed between the x-axIs of sym- 
metry and the geometrical center of the first anray. 
This would occur because the modulus of the strength 45 
memt>ers is substantially greater than that of the cop- 
per conductors, the copper being relatively soft 

For the cable 20, the offset for the higher conlri- 
butk)n of moduli of the strength members is provided 
by the matrix 45 of the second array. It will be recalled so 
that in the array 25. each of the strength members as 
well as each optical fiber is ndosed with a polyvinyl 
chlorid composition of matter. The flexural rigidity of 
the matrix 45 of the second airay is increased over 
that of the first array by causing each of the metallic ss 
coruiuctors in th second array to b nclosed with a 
plastk; material such as, for example, a compositi n 
of matter which has a modulus that is substantially 


higher than that of the buffering material which 
encloses the optical fiber. In a preferred emt>odiment. 
th matrix 45 of the second array comprises a 
polyether polyester composition of matter. A commer- 
cially available polyether polyester composition of 
matter is one marketed under the designation HYT- 
REL<S> plastic material by the E.I.DuPontde Nemours 
Company of Wilmington. Delaware. Because the 
modulus of the insulation or matrix material 45 on the 
metallk: conductors substantially increased, the 
flexural rigidity of the second anray closely matches 
that of the first anray 25 and the neutral axis is shifted 
to the desired position between the two arrays. As a 
result, undue strains and accompanying transmission 
losses in the transmission media are avoided. 

Advantageously, the cable 20 of this invention is 
suitable for automation in connectorizatlon. Inasmuch 
as the optical fibers and the copper conductors are 
arranged in linear arrays, identification is a relatively 
easy matter. Information regarding the identification 
may be provided to a robotic system (not shown) 
which is capable of connectorizing the optical fibers 
with an ST<S> connector, for example, or desired one 
or ones of the copper conductors with any suitable 
commercially available connector. 

Furthermore, breakout from the arrays is a rela- 
tively easy matter for a craftsperson. Because the 
strength members 27-27 are located in one of the 
anrays instead of in the jacket 50, the jacket may be 
removed from a portion of the cable to expose one or 
both arrays of the transmission media. Also, it 
becomes relatively easy to separate one or more opti- 
cal fibers or copper conductors from respective arrays 
because of the webbed arrangement of the arrays. A 
craftsperson may-cut along a web 32 or 47 to sepa- 
rate a fiber or copper conductor, respectively, without 
risking damage to the fibers or to the copper conduc- 
tors. 

Another advantage of the cable 20 of this inven- 
tion relates to its manufacture. Because the transmis- 
sion media of each array extend generally parallel to 
a longitudinal axis of the array, no stranding is 
required. This is advantageous and allows higher 
manufacturing line speeds because of the absence of 
rotaring equipment whk:h otherwise would be 
required to impart a lay to the media. What is provided 
by this invention are cables which can be manufac- 
tured in one process on a manufacturing line, which 
are relatively compact and which are hybrid in nature 
in that they include optical as well as metallic trans- 
mission media. 

The outer dimension of each optical fiber 29 
together with its associated enclosing buffering ma- 
terial is somewhat less than that of prior art buffered 
fib rs. This is done b caus when a craftsperson 
separates an ptical fiber from Its array by cutting 
along the webs 32-32 adjacent thereto, a portton of 
each web, refen-ed to as flashing, remains attached to 
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the buffered fiber. In order to allow the buffer d fiber 
with the flashing to be connectorized with conven- 
tional siz connectors, the overall outer dimension 
must be reduced so that the buffered fiber together 
with any flashing is capable of being received in cavi- 
ties or bores having conventional size dimensions. 

Also, the cross sectional configuration of the 
cable which is transverse to the longitudinal axis 52 
thereof Is Important Generally it is oval-shaped and 
is sized so that end portions of each array proximately 
engage an inner wall of the jacket 50. What is import- 
ant is that although some slight movement of the 
arrays may occur within the core, the relative posi- 
tions of the two arrays with respect to each other and 
with respect to the jacket will remain substantially con- 
stant during use. 

Further, the plastic material of the jacket 50 has 
a modulus which is substantially less than that of the 
plastic material which buffers the optical fiber 29 and 
the strength members 27-27 and of that which 
encloses the metallic conductors 42-42. For example, 
in a preferred embodiment, the modulus of the plastic 
material which encloses the metallic conductors 42- 
42 is about 206.93 N/mm^, the modulus of the plastic 
material which buffers the optical fiber 29 is about 13. 
80 N/mm^ and the modulus of the plastic material of 
the jacket 50 is in the range of about 5.52 to 6.90 
N/mm2 In this way, the jacket 50 is relatively limp and 
the cable 20 has very desirable flexibility. 

A preferred embodiment of this invention is a 
cable 60 depicted in FIG. 2 and includes a jacket 62 
having a cross section transverse of longitudinal axis 
64 which has a non-unifonm thickness. The configu- 
ration of the jacket wall, which approaches a circular 
configuration along a minor axis 66 of the cross sec- 
tion, Is included in order to prevent the appearance of 
unsightly twisting in the cable 60 when the cable is 
routed in a relatively small radius, arcuate path. The 
closer the cable cross section approximates a circular 
configuration, the less observable will be any twisting 
of the cable when it Is routed in sharp bends as may 
be expected in an office workstation environment. 
Although the cable cross section of the preferred 
embodiment approaches that of a circle, the outer 
dimension of the cable along the minor axis 66 axis is 
still less than that along a major axis 68 of the cross 
section. For example, in the preferred embodiment, 
the outer dimensions along the two major axes, the 
minor and the major, are 0.44 cm and 0.53 cm. re- 
spectively. 

It is to be understood that the above-described 
anrangements are simply illustrative of the invention. 
Other arrang ments may b devised by those skilled 
in the art which will embody the principles of the inven- 
tion and fall within the spirit and scope th reof. 


Claims 

1. A composite communications cable (20), com- 
prising 

5 a core (22) with at least one communi- 

cation transmission medium, each said transmis- 
sion medium being enclosed in covering material; 
and 

a sheath system (50} enclosing said core 
10 and having a longitudinal axis, said sheath sys- 

tem having a cross section transverse to the lon- 
gitudinal axis; 

CHARACTERISED IN THAT 
said cross section of the cable is divided 
IS into two portions (25,40) with the fiexural rigidity 

of each portion in compression being equal to the 
fiexural rigidity of the other portion in tension and 
the fiexural rigidity of the one portion and of the 
other portion being predetermined in a manner to 
20 cause the neutral axis of bending in said cross 

section to be disposed in a desired location so 
that each said transmission medium experiences 
minimal stress. 

25 2. The cable of claim 1, CHARACTERISED IN 
THAT said sheath system is characterized by at 
least one axis of symmetry (28). 

3. The cable of claim 1 or claim 1 1 , CHARACTER- 
30 ISED IN THAT said sheath system has ortho- 

gonal axes of symmetry (28,54). and In that said 
neutral axis of bending extends parallel to one 
(28) of said orthogonal axes of symmetry. 

35 4. A hybrid optical fiber, metallic conductor cable, 
said hybrid cable comprising: 

a core (22), and a jacket (50) of plastics 
material. CHARACTERISED IN THAT the core 
comprises 

40 a first planar array (25) with longitudinally 

extending portions with outer potions of the anray 
comprising strength members and inner portions 
of the array disposed between said strength 
members being optical fibers; and 

45 a second array (40) which comprises lon- 

gitudinally extending metallic conductors; the 

jacket enclosing said first and second 
arrays, 

said cable having a neutral axis of bending 
so which is disposed in a desired location. 

5. The cable of claim 4. CHARACTERISED IN 
THAT each array comprises longitudinally 
extending parallel portions. 

55 

6. The cable of claim 4, CHARACTERISED IN 
THAT each of said arrays includ s a matrix ma- 
t rial (30,45) nclosing each of said longitudinally 
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extending portions, said optical fibers of said first 
anray each including one or more protective coat- 
ing layers and a layer of said matrix material (30). 

7. The cable of claim 6. CHARACTERISED IN s 
THAT each two adjacent portions of each array 

are interconnected by a web (32,47) of the matrix 
material of said each an-ay. 

8. The cable of claim 6, CHARACTERISED IN io 
THAT said first and second arrays are parallel. 

9. The cable of claim 6 or 1 1 . CHARACTERISED IN 
THAT the neutral axis of bending of said cable is 
parallel to each of said arrays, and/or disposed 15 
between said first and said second arrays. 

10. The cable of claim 9. CHARACTERISED IN 
THAT each of said optical fibers in said first 
arrays is enclosed with a plastic material (30) hav- 20 
ing a first modulus and in that each of said metal- 
lic conductors is enclosed with a plastic materia! 

(40) having a second modulus substantially 
higher in value that that of said first modulus. 

25 

11. The cable of claim 10, characterised in that the 
plastic material which encloses each said optical 
Tiber or the jacket is a polyvinyl chloride compo- 
sition of matter and the plastic material which 
encloses each said metallic conductor comprises 30 
a polyether polyester composition of matter. 

12. The cable of claim 11, CHARACTERISED IN 
THAT the modulus of each of said strength mem- 
bers is substantially greater than that of each of 35 
said metallic conductors, and/or the modulus of 

the plastic material of said jacket is substantially 
less than that of the matrix material enclosing said 
optical fit)ers. 

40 

13. The cable of claim 4, wherein each of said 
strength members comprises fibrous yarn, with or 
without resinous material impregation. 

14. The cable of claim 4. CHARACTERISED IN 4S 
THAT the jacket has a cross section transverse of 

the longitudinal axis which is symmetrical with 
respect to each of orthogonal axes of said cross 
section, and/or the transverse cross section of 
saki jacket has an oval-shaped configuration, or so 
the transferse cross section of said jacket has 
major and minor axes with the thickness of the 
jack t along the minor axis being substantially 
greater than that along the major axis. 
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